gross deformity of the thorax. In the most severely affected patients fractures have been found in many bones but usually without significant displacement of the fragments. A characteristic finding has been persistence of the fracture line for long periodssometimes yearswithout evidence of healing other than poorly calcified callus. Several patients have had fractures in the femoral necks, usually leading to bilateral coxa vara deformity. In some the fragments have separated making surgical management necessary.
Mild changes of hyperparathyroidism were occasionally found with subperiosteal erosions in the phalanges but these changes have never been a dominant feature. Approximately 10% had some evidence of hyperparathyroidism at the start of treatment. Sclerosis in the subarticular regions, most frequently the metacarpal and femoral heads, has been a common feature after 3-4 years' htemodialysis, but sclerosis of the spine has been seen only rarely.
We think that the changes in Newcastle upon Tyne are predominantly due to osteomalacia and osteoporosis. Hyperparathyroidism, although present to some extent, appears to be less important (O'Riordan et al. 1970) . Histological studies support this belief (Ellis & Peart 1971) . In other centres, however, this is not the case (Johnson et al. 1967 , Curtis et al. 1969 , Cohen et al. 1970 ; we have confirmed this in a detailed comparison between the radiological changes found in Birmingham and in Newcastle upon Tyne . In Birmingham fractures are rare, bone symptoms are less frequent and the most severely affected patients have got the classical changes of hyperparathyroidism.
To date no satisfactory explanation for the disease has emerged. We think the possibilities of simple vitamin D deficiency, inadequate dialysis in terms of hours dialysed or the contents of the dialysis fluid, dietary calcium deficiency and fluoride or cadmium intoxication have been excluded. The only possible clue lies in the observation that severely affected patients may respond dramatically to dialysis with fluid made from distilled or deionized water suggesting that there is some unrecognized factor in tap water responsible for the bone disease Immigrants from India and Pakistan are prone to develop rickets or osteomalacia after arrival in the United Kingdom (Dunnigan et al. 1962 , Arneil & Crosbie 1963 , Swan & Cooke 1971 and the condition is endemic in certain parts of northern India (Vaishnava & Rizvi 1967 . In most instances the disorder is probably due to inadequate intake of vitamin D or a failure of formation of cholecalciferol from 7-dehydrocholesterol in the skin because of a combination of lack of sunlight and racial pigmentation. Some patients may have a resistance to the action of vitamin D (Swan & Cooke 1971) .
Patients
Sixteen Asian patients with osteomalacia and 18 of their blood relatives have been investigated. One patient (male, aged 47) was found to have osteomalacia secondary to chronic renal insufficiency and is excluded from further consideration. In the remaining 15 patients (7 males and 8 females) the disorder was presumed to be due to nutritional deficiency of vitamin D. Ages ranged from 11 to 42 years with a mean of 28 years for females and 20 years for males. Eight patients were Hindu (6 Sikh) and 7 Moslem. Seven had emigrated from the Punjab and 4 from West Pakistan. Another was from East Africa and the country of origin of the remainder was not established. All had been in the United Kingdom for at least a year and one for 13 years (mean 4-5 . Nine patients presented with spontaneous pain (usually in the legs, but occasionally generalized) and 4 were seen following minor injury. One was referred with tetany and another with polyarthritis (rheumatoid arthritis). Three patients developed symptoms during pregnancy or in the puerperium (Felton & Stone 1966) . Of the 18 relatives interviewed (4 parents, 14 siblings) whose age varied from 8 to 48 years, only 3 had symptoms (limb pain). Unfortunately because of language difficulties it was not always possible to obtain an accurate dietary history. However, if anything vitamin D intake was low. spurt was possible. Isoenzyme studies were not performed. Serum total protein concentration in both groups was normal, although the serum albumin concentration was less than 3 g/100 ml in 2 out of 9 patients tested. Renal function appeared normal in all patients. Slight elevation of plasma chloride together with a disminished plasma bicarbonate was frequently seen. Hypocalciuria was invariable, and mild to moderate aminoaciduria common.
An occasional patient had an isolated abnormality in heemoglobin, serum iron, folate or vitamin B12 or xylose excretion without other evidence of malabsorption. The jejunal mucosa of the only patient with elevation of frecal fat (6-5 g/24 h) showed subtotal villous atrophy.
Radiological findings: In 12 patients diagnostic changes of rickets or osteomalacia were found: Fig 5 shows a typical example of a Looser zone in the left scapula. Rachitic changes were seen in the 14-year-old brother of one patient and osteomalacic changes in the 18-year-old sister of another. One patient and 5 relatives had nonspecific skeletal changes. No radiological abnormality was detected in 2 patients and 11I relatives.
Histological findings (Professor B J Tomlinson):
Increased osteoid was found in iliac crest bone biopsies from 2 out of 3 patients with osteomala-cia (1 with negative radiology) and in one specimen the changes of osteitis fibrosa were also present.
Treatment
General dietary advice was offered and in addition calciferol was given orally to the patients and to those relatives with evidence of bone disease. Dosage varied from 500 iu (12-5 pg) to 150,000 iu (3 75 mg) daily, though usually at the lower level. and occasional patients received a monthly dose of 50,000 iu (1 25 mg). Treatment was continued until biochemical and radiological abnormality had disappeared, although by one year a few patients still had mild hypocalcemia or elevation of alkaline phosphatase. In 2 patients with Looser zones in the femoral neck, pinning was performed. Their pseudofractures healed subsequently with vitamin D.
Discussion
The diagnosis of a nutritional (simple) rickets or osteomalacia is made by excluding other causes of osteomalacia, for example malabsorptive states or renal disease, by obtaining historical evidence of dietary deficiency of vitamin D and by finding a response to small amounts of the vitamin (Morgan & Fourman 1969 , Fourman etal. 1968 ).
It is considered that the cases described above generally fit these criteria. However, the two exceptions (due to chronic renal insufficiency and jejunal mucosal atrophy) illustrate the importance of adequate assessment in those patients in whom nutritional deficiency may appear causative.
The prevalence of nutritional bone disease in the Asian community is uncertain, but it seems likely that there is a large undiagnosed reservoir of individuals with mild or subclinical disease; the finding of biochemical and radiological changes in apparently healthy relatives would support this contention. Community surveys appear to be indicated, and nutritional rickets or osteomalacia should be suspected in any patient of Indian or Pakistani origin who complains of skeletal pain.
